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(S7) Abstract: A stretchable nonwoven web, or laminate of a 
stretchable nonwoven web and an elastic sheet, is treated with 
a plurality of bond lines in one or more regions thereof to pro- 
vide controlled stretching properties. In one embodiment, the 
nonwoven web or laminate has at least one first region having 
a plurality of bond lines in a direction parallel to the machine 
direction and at least one second region having a plurality of 
bond lines in a direction parallel to the cross-machine direction 
to provide controlled stretching in different directions in dif- 
ferent regions of the web. The bond lines can be stibstang ally 
continuous in fcngtKorse^ented. When segmented bond 
5ies are e^^edTuHeTeigth of the bond line segments and 
spacing between them can b e varied to impart variable stretch 
properties toth enonwoven web or laminate. 
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VARIABLE STRETCH MATERIAL AND PROCESS TO MAKE IT 

FIELD OF THE INVENTION 
This invention is directed to a stretchable nonwoven web or laminate material 
having bond lines to controllably reduce the stretchability of the web or laminate material 
in the machine direction and/or the cross-machine direction, and/or in different regions or 
zones of the material. In one embodiment, this invention is directed to a necked spunbond 
,aminate material having zones or regions stretchable primarily in the machine directs 
and/or zones or regions stretchable primarily in the cross-machine direction. In another 
embodiment, the invention is directed to an elastomeric nonwoven web having controlled 
stretching in one or more directions and/or zones. 

BACKGROUND OF THE INVENTION 
Many types of elastic webs and processes by which these webs are made are 
well known in the art. These webs have been used in many personal care absorbent articles 
because the materials are capable of stretching in more than one direction due to the elastunty 
of the filaments. Also well known in the art are various types of composite elastic materials 
having at least one elastic sheet and at least one necked material joined to the elastic sheet, 
and the processes by which these composite materials are made. These composite elashc 
materials have also been used in many personal care absorbent articles. 

Because the stretchability of the materials is not locally controllable, the 
materials do not have a predetermined stretch profile, or a predetermined variable stretch. 
Additionally, these materials do not have regions that stretch only in one direction and other 
regions in the material that stretch only in another, different direction. 

It is often desirable when designing and making new stretchable products 
including diapers, garments, and workwear to have a material that: (a) has a predetermined 
stretch profile; (b) is stretchable only in one direction in one region of the matenal and 
stretchable only in a different direction in another region of the material; (c) is highly 
stretchable in one region of the material and stretchable to a lesser extent, but in the same 
direction, in another region of the material; or (d) exhibits properties of (a), (b) and/or (c) m 
combination. 
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SUMMARY OF THE INVENTION 

-nrr^rrrznr. 

The stretchable ««* *» «""=■"">" ^ * * * 

i Vi ri c q necked nonwoven web. The 

: — — 

is bonded to an elastic sheet to torm ^ 

.henthes^tchingforccsremoved. T^eneckedn ^ to> 

eiasticnhn layer. Other bonding processes xnay also be used .clud.ng, b 

adhesive bonding and ultrasonic welding. ^ ^ 

In accordance with this invention, bond lines are torm 

alecleddirect.om.whercbylM , e a 

copied ^ — ia»y »M in «. ° f *° ^ _ „ e 
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„ or widU, occupied by bond Unes oriented in one direction is varied to produce a 
^oven „eb or laminate materia, v,nicb cbibits proved stretcbing. T*s vartab, 

In another embodiment of to — , a — e spunbond clast* 

spunbond »eb is provided. Tbe ma,.,, is initia,,, capabie o^retc mg « * 
m acbine direcnon and in the cross-macnine direcnon. Bond lines can be appbed . H 
^ „_ »eb o, laminate materia, .„ produce a materia, having — - ~ 

^cross-machine direction and »nes in »hich bond iines are appiied ,n a dnec»on 
l^ei (prefer* perpendicnar, ,o *e cross-machine direction, ,e. in the machme 

A tensions force applied in the eross-tnachute direcnon to the eiasbc 
Ine direction orient to control stretch »hi.e regions which have bond hnes 

rr^i— — — --rrrr^: 

Conversely »hen a tensioning force is applied in to maclune d,reet.on to *e elasnc 
"I'e regions v,hich nave bond ,ines witK machine orientabon wi„ no, sketch or 

l^ion wiU controllably streKh. Tbe s^habnity of the mateHa, is eas,y — 
dnring the bond line apphcanon prc-ss, by va*ng the ,en*h, thiCness and dens,ty or 

^cyofthebondHnes. „ advmBBeof ^ ^on^ 

With the foregoing in mind, it is a ie«iunc <u 
orov.de a stretcb*b,e nonwoven w* or .amina* materia, baving bond Unes to reduce or 
control th. straehabnity of the materia, in one or more select direchons. 
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It is also a feature and advantage of this invention to provide a stretchable 
spunbond nonwoven web or laminate material having bond lines to reduce or control the 
stretchability of the material in the machine direction and/or the cross-machine directum. 

It is also a feature and advantage of the invention to provide a nonwoven web 
5 or laminate matenal having a variable stretch profile, which is useful in a wide variety of 
stretchable products including diapers, other personal care products, workwear and other 
garments. 

It is also a feature and advantage of the invention to provide a variable stretch 
nonwoven web or laminate material having regions wim cross-machme direction stretch only 
10 and regions with machine direction stretch only. 

ThefetgomgandottafeaM 
further apparent from the following detailed description of the preferred embodiments, read 

in conjunction with the drawings. 

BRIEF DESCRIPTION OF THE DRAWINGS 
l5 Fig . i(a) is a plan view of an exemplary stretchable nonwoven web or 

laminate material without bond lines. 

Fig. 1(b) is a plan view of the exemplary stretchable nonwoven web or 
laminate material of Fig. 1(a) showing the stretchability in one direction, such as the cross- 
machine direction, when bond lines are not present. 

Fig. 2(a) is a plan view of an exemplary stretchable nonwoven web or 
laminate material with bond lines applied in one direction, such as the cross-machine 
direction. 

Fig. 2(b) is a plan view of the exemplary slxetchable nonwoven web or 
laminate material of Fig. 2(a) showing the reduction in stretchability in the cross-machine 
direction when bond lines are applied in the cross-machine direction. 

Fig. 3(a) is a plan view of an exemplary stretchable nonwoven web or 
^inatematerialwimbondlmes applied in another direction such as me mactone direction. 

Fig. 3(b) is a plan view of the exemplary stretchable nonwoven web or 
laminate material of Fig. 3(a) showing some reduction (but not elimination) in stretchability 
in the cross-machine direction when bond lines are applied in the machine direction. 
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Fig 4(a) is a plan view of an exemplary stretchable nonwoven web or 
lami „ate material with variable bond lines applied to the material in the cross-machine 
direction, occupying 50% of the material width. 

Fig 4(b) is a plan view of the exemplary stretchable nonwoven web or 
lamin ate material of Fig, 4(a) showing the reduction m stretchability in the cross-machine 
direction when variable bond lines are applied to the matenal in the cross-machine d,recuon, 
occupying 50% of the material width. Most of the stretching occurs in the spaces between 
the bond lines. 

Fig 5(a) is a plan view of an exemplary stretchable nonwoven web or 
la minate material with variable bond lines applied to me material in the cross-machine 
direction, occupying 75% of the material width. 

Fig 5(b) is a plan view of the exemplary stretchable nonwoven web or 
larn inate material of Fig. 5(a) showing the greater reduction in stretchability in the cross- 
m achine direction when variable bond lines are applied to the material in the cross-machme 
direction, occupying 75% of the material width. Again, most of the stretching occurs m the 
spaces between the bond lines. 

Fig. 6(a) is a plan view of an exemplary stretchable nonwoven web or 

laminate material having variable bonding. 

Fig 6(b) is a plan view of the exemplary stretchable nonwoven web or 
laminate material of Fig. 6(a) having variable bonding, showing the variable stretch profile 

when variable bonding is employed. 

Fig. 7(a) is apian view of an exemplary stretchable spunbond nonwoven web 

or laminate material with no bond lines present. 

Fig 7(b) is a plan view of the stretchable spunbond nonwoven web or 
laminate material of Fig. 7(a), showing the stretchability of the material in the machine 
direction when bond lines are not present. 

Fig 7(c) is a plan view of the stretchable spunbond nonwoven web or 
iaminate material of Fig. 7(a), showing the stability of the material in the cross-machine 
direction when bond lines are not present. 
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Fig 8(a) is a plan view of the sttetchable spunbond no-woven web or 
t^ate material of Fig. 7(a,, win, bond lines applied .o ,he maKria, in <h= machme 
oirecion in a M region of me mauria, a*, in 0* cross-machine direCon m a second 

region of the material. 

Fig 8(b) is a plan view of the attachable spunbond nonwoven web or 

■annua* mrteria. of Fig. S,a,. showing me effecis on stte,chabiu,y of the materia, in me 
^chme direct whenbondnnes are app.ied»u,e materia, in d,e machine direcnontn a 
fr* region of the material and in the c^s-machine duecrion in a second regton of me 

material. , 

Fig 8(e) is a plan view of the sttetchable spunbond nonwoven web or 

tauna* materia, of Fig. 8(a), showing the effects on stability of the materia m «,. 

„ a <h« region of thematerial and in me cross-maehine duecnon in a second regron of me 

material. 

DEFINITIONS 

The term "elastic" is used herein to mean any material which, upon 
Action of a biasing force, is stretchab.e. that is, elongatable without tupture or breakage 
Z , stretched, biased length which is a, leas, about ,00 percent of its relaxed unbtas* 
,e W m, and which, will recover a. leas, 55 percent of its elongation upon release of the 
aching, elongating force. A hypothetical examp.e would he a one „, inch sample of » 

uponbeingelong^edm 1.60 inches aM re.eased, will recover* a. eogmof no, more«Ha» 

relaxed .engm. for examp,e, .00 percen, or more, and man, of these wi.l recover » 
substimtially their origmal reUxed fcngu,, fo, examp,e, to within .05 percent of me,, ongma, 
relaxed length, upon release of me stretching force. 

The .erm »sn«chable» refers ,o elastic nuuerials and other matenals wmch 
exhibit the attaching properties of e.astic ma,eria,s withou, n,p«re or breakage, includmg 
rualerials mat do no, recover to the same exlen, as elastic matenals. 
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T«ms such as "mors readily e«b<e" or "more easiiy extensible" mean 



bonding. 



As used herein, the term "nonelastic" refers to any material which does not 
fall within the definition of "elastic," above. 

of individua. fibers or threes which are MA but no, in - MM -epea^ 

*~ As used herein. «- — " — " "** r 

II about 0, microns - — * — * — * WhM " 

.ven.gediamc.crof&omaboutln.icn.ntoaboutlSm.™™.. 

As used herein, to « ■—*-» — »- ^ 7 

paries - — or nWtts in. a hi* velocity B as ( e,„ «, 

^1— — on " awebof T^ 

L, W o™ fi be t s.S«ebap^ i s~f«^KinU. S .Pa t en, N o.3,849,24 ltt 

Butinetal the disclosure of which is hereby incorporated by reference. 

As used herein, the tern, "spuobond fibers" refers to II diameter fibers 

of fine usually circular, capiUar.es of a spinneret win, the dieter of the ettrudrf 
fi ^ts *-U ^y reduce as by, for cample, educhve draw, 8 o, other** 

inpatenasuch as, fore*am pl e, inU.S. Pat«.No. 4,340,563 to Appe.e,a,.,U.S.Pa M »tNo. 
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" . i . "„™i u«: Patent No 3,802,817 to Matsuki et al. The 
3,692,618 to Dorschner et al.; and U.S. Patent ino. o.ou , 

disclosures of these patents are hereby incorporated by reference. 

As used herein, the term "interfiber bonding" means bonding produced 
between individual fibers to form a coherent web structure by entanglement, adhesive 
bonding, or thermal bonding. Fiber entanglmgisnormallyastepinameltblownproc.ssbut 
may be generated or increased by processes such as, for example, hydraulic entanghng or 
needle punching. Thermal bonding is normally a step in a spunbonding process 
Alternatively and/or additionally, a bonding agent can be utilized to increase the de^red 
bonding and to maintain structural coherency of a fibrous web. For example, powdered 
bonding agents and chemical solvent bonding may be used. 

As used herein, the term "polymer" generally includes, but is not hrmted to, 
homopolymers, copolymers, such as for example, block, graft, random and alternating 
copolymer, terpolymers, etc. and blends and modifications thereof. Further, urUess 
otherwise specifically limited, the term ^y-T ** *** all possible geometncal 
configurations of the material. These configurations include, but are not limited to, .sotacbc, 

syndiotactic and random symmetries. 

As used herein, the term "film" means a layer material formed from a cast 
fihn extrusion process, a blown film extrusion process, or another film extrusion process. 
The term "film" does not include nonwoven webs as defined above. 

As used herein, the term "sheet" means a layer which may either be a film, 
foam or nonwoven web. The term "foam-means any layer which has been expanded wtth 

As used herein, the term "necked material" refers to any matenal winch has 
been narrowed in at least one dimension by application of a tensioning force » another 

As used herein, the term "neckable material" means any material which can 

be necked. . , 

A,^h^ttat«n.-1^«d^"« teto ' te 1,1,0 **"■"»' 
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the neckable material and then dividmg that difference by the un-necked dimension of the 
neckable material. 

As used herein, the term "stretchable laminate material" refers to a stretchable 
m aterial having an elastic sheet joined to a nonwoven material. The elastic sheet may be 
joined to the necked matenal at internment points or may be completely bonded thereto. 
The joining is accomplished while the elastic sheet and the necked material are in juxtaposed 
configuration. The stretchable laminate material is elastic in a direction generally parallel 
to the direction of neckdown of the necked material. A stretchable laminate matenal may 
include more than two layers. For example, the elastic sheet may have necked matenal 
joined to both of its sides so that a three-layer stable laminate material is formed havmg 
a structure of necked material/elastic sheet/necked material, both necked materials bemg 
elongated in the same direction. Additional elastic sheets and/or necked material layers may 
be added Yet other combinations of elastic sheets and necked materials may be used. 
DETAILED DESCRIPTION OF THE PREFERRED EMBODIMENTS 

Inonepreferred embodiment of this invention, the stretchable material having 
controlled stretchis an elastomeric nonwoven web. The elastomeric nonwoven web maybe, 
for example, a spunbond web, a meltblown web, a bonded carded web, or a combination 
thereof. If the material is a web of meltblown fibers, it may include meltblown microfibers. 
The material maybe made of elastomeric fiber forming polymers. 

Elastic polymers suitable for use in preparing the thermoplastic elastomenc 
fibers herein include without limitation diblock, triblock, or multi-block elastomenc 
copolymers such as olefinic copolymers, including styrene-isoprene-styrene, styrene- 
butadiene-styrene,st^^ 

which may be obtained from the Shell Chemical Company, under the trade des.gnat.on 
KRATON® elastomeric resin; polyurethanes, including those available from E.I. Du Pont de 
Nemours Co.,undermetrader^eLYC^^^^ 

block amides available from Ato Chemical Company, under the trade name PEBAX* 
polyether block amide; polyesters, such as those available E.I. Du Pont de Nemours 
Co under metradenameHYT^^ 
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Pa «, No. 3.S49.24. ,o Bn«n - -. 1. -** „ „ 

„ic resin, ■.«<— — 'J^L M1M ,esin «o a ^ 

v docitystreamofgas.usu a lly»r. ,„ ftheb lasl As the fibers tad on ihe 

— *" — * *° ^ ' tr»Hp.o^ in «. — »ay be fcrmed by 
EUstomenes T unbor,d»=taemp p att „ tN „. 4,340,563 

_ in one or more airecHon, ^ ^ ^ 

by applying bono .in. «„ ft. ^ ^ ^ to lhe elas uo 

nonwovenweb. In one calendenng process, th ^ roller , with one or 
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^of^extensibil^hBvmg.h.BXerle ^^wtag atone 

bond lines is increased due to to ^ 

reduced by applying bond lines m <n 

lOouncespetsquareyardC osy ), ^mav be a multilayer material having, for 

rr;:rr^=^ 

weight of about 0.2 to about 8 osy. e made of 

The elastomeric nonwoven web may also b ^ 
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p^.No. 4,100,324. «hed,.c.o S ur. of* ^ ^ ^ beJome<i 

reference. „ . „eckat>1e «eb, pn=fe*» • 

o s ;l . JLd * - ««— — 

bc rented in *e machine " ' ^^l.-*-. — — 

„ ^ - ** - fOT ". a *** ncdraa mb M m etasti c fita produces . 
******** L-., 
( e«c . , — * - r^,. ^ my be - - - - 
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* . — p— - - *— ° f necktos - i e - ta ta 

5pu nbond web, meHblown - - bond* c*ded - - a —on ™ 
oeekablematcnaUsa^o The ncckable material may be made of fiber 

fabler— ^l^l or „,^B-**P-»— 
^^-»«-—^ eihylme propylene 

iMh ;r r:: • u. p— «- - -~ 

copolymers, and butene P j romoanv under the trade designation 

•i ki«, fwim the Exxon Chemical Company unuci m 

r^^— 

^» DX ^ htewebMyteasin , eUy e r o f m»,cna,^a, f o ;: *ample,a 

«--^ « ^eaaonelayerof ^b— *b— « 

~rrrr====~ 

aho '" 8 ° sy ' *^^«--'-■•-^*•-- 1- ■- 4 •• f • ,,w, " 

(hydroeel) ,«*— «— * - •? ^ „ folm . cohere* of 

collection of the meltblo«n fibers upon a collectmg dev.cc to 
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nmdomly dispersed mehblown fibers and other materials such as disclosed to US. Paten. 
No. 4,100,324.^ ^ ^ ^ ^ ^ ^ ^ ^ ^ ^ ^ . otaed 

h,te,nbe, Wing may be produced by thermal bonding in . spending process, or by 

entanglement between individual me>.b,ow» fibers The fiber entangling is inherent . the 

mdtblovn. process bu, may be generated or increased by processes such as, for example 

fcydmunc emaugttng or niching. Alternatively and/o, additionally a bondmg agent 

may be used to increase the desired bonding. 

The elastic sheet may be a single layer or multilayer nuuerial, toctadmg one 

„ more individual oohemt. webs, fi.ms and/or foams. Additional me elastic sheet may 
c.asingfeUyerormurolay^m.^altowm^on.ormor.ofme.aye.con^am.x^ 

of elastic and noneUsuc fibers or particulars. T„e eiastic sheet may be formed from on. or 
more of the elastic polymers listed above. 

Elastic sheas can be used having basis weights less man 0.5 osy (ounces per 
souare yard,, for e*amp.e, torn about US to about 0.4 osy. Such extremely low basts 
weigh, shoe* are advantageous because of higher breamabinty and _ , - 
„ particularly use*! in disposable products. Additionally, elastic sheets bavmg h,gh« 
^wei B h B sLha,fore»^n»m*ou,0. S ,o,bout,0osy,orabou,n,o^ou,40 

osv may also be used. 

Necked materials may be joined to the elastic sheet by any suttable means 

such as, for examp.e. therma, or adhesive bonding or ultrasonic welding which sofiensa, 
togemer and still provide a suitable laminate materia, wim good stretch property 
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bonding conditio,* - described in <ne U S ' ^ N ° 

MO ^^'T h e^on„e W e» 0 »o„ g inal^e» S ,„nso f ,henec«en»^ 1 oi K 

„a,erial i e befon, the bonding Unes - applied pursuant to to ntvenfon. Because the 

fc ^«-^^-^«-- , -*- l -*'.7 ,, * ,,,,rt 

. t, m„ in peneraUv the same direction as the neckable material. 

ra a y be s„«cned in a dnection *- P-el (e.g., P-P— - - ™ f 
L of the nonwoven web, and laminated to toe nestable nonwoven v,eb m a phnb* 

^leentoebonded^The^composite— ^ 
m ale^o no^atalle, dictions. XI. — * - - — » 

of co m posi.einu,ed m ct,on»onpa».lel(e. g .,P^ ^ a 

facilitated b y the Bering of toe - « * ~ _ ^ _ 

, • t that stretches only in the diction that the elastic sheet was stretched 
produce a laminate that stretcnes omy p tent No . 

pending. .W,.^— 

/nonAis issued to Vander Wielen etal. 

• Pnr these aspects of the invention, the laminate matenal should mclude at 
this invents For these aspects onwoven (ptefiilWy spunbond) 

least one elastic sheet and at least one necked or un-necked 
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Uy „ m on. embodbnen, . »«Mr necked nonwoven web -ay be — - <° - 
e^c film, a, described in U.S. Pa.cn, No. 5,114,781 touedtoM-^ 

to accordance wift una invention, a snwchable larninafcmab^cornpnsmg 
m e«c^( i .c.f..n,foan,.rwcb)a„da»cc^.= .onwovenw*ca„b«prod„cedby 

^.ving bond bnes ft ft. iannna... preferably after fte web is needed and bonded ft .be 
elc sbee. ,o form ft. succnable — — • ™ «— *- «" ^ 

ft^m.mufactoeofU.enecfciblewebandlaminale. 

„ ft. preferred embodtaen. of ftis invert a ftermal calender bondmg 
pM ce* known ft ftose skiUed ,» fte ar, is nsrf .o apply fte bond lines to fte iandnaft 
Leriai. Oftetptocedutestnaybeun^u.app.ybondUnctoU.e lanunaft, ,nclud,ng 

of necking U. ft. -bine *• ° f ta ^ **" ? 

l^ —bine dnecnon and - lengft of .be — . dennes fte 

iandna,. — - -prrsing " «*- — 'J"" £ ' 
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extensibility in the same direction in a second region of the material; (b) readily or easily 
stretch only in a first direction in one region of the material and readily or easily stretch only 
in a direction nonparallel to the first direction in other regions of the material; or (c) have 
regions of varying extensibility in a first direction and regions of varying extensibility in a 
direction nonparallel to the first direction. 

Figs. l-3(b) of the drawings illustrate an exemplary region 10 of a stretchable 
nonwoven web or laminate material and the effect on stretchability in the cross-machine 
direction when a series or plurality of bond lines 1 1 are applied to region 1 0 of the nonwoven 
web or laminate material using, for instance, a thermal calender bonding process. Refemng 
to Fig. 1(a), when a tensioning force is applied in the cross-machine direction to region 10 
of the stretchable nonwoven web or laminate material without bond lines, the material is 
highly stretchable and stretches in one direction (the machine direction or cross-machine 
direction) to the dimension shown in Fig. 1(b). 

Fig. 2(a) shows apian view of an exemplary region 10 of an otherwise similar 
stretchable nonwoven web or laminate material with a series of continuous bond lines 1 1 
applied to region 1 0 in the same direction, for instance, in a direction parallel to the direction 
of necking in a neck-bonded laminate material. The application of one or a series of bond 
lines 1 1 parallel to a direction of stretch in region 1 0 significantly decreases or elimmates the 
stretchability of the material in region 10 in that direction, as shown in Fig. 2(b). The level 
of extensibility along the bond lines 11 is significantly decreased due to the increased 
interfilament bonding, attachment and/or densification of the web or laminate matenal 
caused by the thermal calender bonding process. As shown in Fig. 2(b), when a tens.onmg 
force is applied to the material inadirection parallel to bond lines 11 (e.g. a cross-machme 
direction in a neck-bonded laminate, or any direction in an elastomeric nonwoven web) the 
material in region 10 will not'stretch or only stretch a nominal distance. 

Fig. 3(a) shows a plan view of an exemplary region 10 of a stretchable 
nonwoven web or laminate material with a series of continuous bond lines 11 applied to 
region 10 perpendicular to a direction of stretch (e.g. a machine direction in a neck-bonded 
lamina te or any direction in an elastomeric nonwoven web). When one or a series of bond 
lines 11 is appliedperpendiculartoadirection of stretch in region 10 of the nonwoven web 
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or laminate material, the stretchability of the material in the direction of stretch is only 
nominally affected. As shown in Fig. 3(b), when a tensioning force is applied to the material 
in the direction of stretch, the bond lines 1 1 have only a nominal effect on the distance the 
material in region 10 is able to be stretched. Because the bond lines 1 1 are nonparallel to the 
direction of the tensioning force, the increased interfilamcnt bonding and densification along 
the bond lines 1 1 due to the thermal calender bonding process has little or no effect on the 
ability of regions of higher extensibility 12 (between the bond lines) to stretch in the desired 
direction. 

The reduction in stretchability which results from applying bond lines 1 1 to 
region 10 of the nonwoven web or laminate material can easily be controlled and varied. The 
continuous bond lines 11 as shown in Figs. 2 and 3 can be separated into a plurality of 
noncontiguous bond line segments 22 as shown in Fig. 4(a) to form dashed, noncontinuous 
bond lines 21. The length of the individual bond line segments 22, the number of bond line 
segments 22 comprising a noncontinuous bond line 21, and the distance between them affect 
the stretchability of the material in region 20. In one preferred embodiment of this invention, 
the bond line segments 22 that comprise noncontinuous bond line 21 are of about equal 
length and spacing. However, in other preferred embodiments of this invention, bond line 
segments 22 may be of nonuniform lengths and/or spacing to effect nonuniform stretching. 
Further, in one preferred embodiment of this invention, successive noncontinuous bond lines 
21 may be comprised of bond line segments 22 of about equal lengths and spacing, or each 
successive bond line 21 may comprise bond line segments 22 of varying uniform or 
nonuniform lengths and/or spacing. 

Figs. 4-6 show a plan view of an exemplary region 20 of a stretchable 
nonwoven web or laminate material showing the effects of noncontinuous bond lines 22 on 
the stretchability of a material in a direction parallel with the bond lines 22. 

The Reduction in Stretchability (Rj) of the nonwoven web or laminate 
material in region 20 when bond lines 21 are applied can be represented as follows: 

Rs^fCV^Si); 

where W b represents the fraction of material width occupied by a bond line 21 and S 
represents the initial stretchability of the material in the direction of stretching. This means 
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that R, is a function of W b and S , If the stretchability is zero at the precise location of a bond 
line 21, then R« is at its maximum value of 1 .0. 

Figs. 4(a) and 4(b) show a plan view of an exemplary region 20 of a 
stretchable nonwoven web or laminate material and the reduction in stretchability exhibited 
by region 20 when a tensioning force is applied to the material in the cross-machine 
direction. The illustrated region 20 of a stretchable nonwoven web or laminate material has 
an initial stretchability (without bond lines) of 200% in the direction of stretch, e.g. the cross- 
machine direction. Assurning R, is directly proportional to the function of material bonded, 
as in an ideal situation, a series of noncontinuous bond lines 21 occupying six-tenths of the 
material width in the cross-machine direction will reduce the stretch of the material in region 
20 by about six-tenths, from 200% to 80%, when a tensioning force is applied, i.e. 

R s = 0.60*200% = 120%. 

Similarly, Fig. 5 (a) shows a region 20 of a stretchable nonwoven web or 
laminate material having an initial stretchability of 200% in the direction of stretch, e.g. the 
cross-machine direction. Assuming ideally, a series of noncontinuous bond lines 21 
occupying three-quarters of the material width in that direction, will reduce the stretch of the 
material by three-quarters to about 50% when a tensioning force is applied, i.e. 

R s = 0.75*200% = 150%. 

As shown in Figs. 6(a) and 6(b), abonding strategy can be employed whereby 
the percentage of a material's length or width occupied by each noncontinuous bond line 21 
varies with successive noncontinuous bond lines 21 . This variation in size and spacing of 
segments 22 for successive bond lines 21, produces a region 20 of amaterial with a variable 
stretch profile 25 as shown in Fig. 6(b). As a result of this variable bonding, the material will 
stretch to different lengths along successive bond lines 21 when a tensioning force is applied 
to the material in a direction parallel to the bond line orientation. The percentage of a 
material's length or width occupied by a noncontinuous bond line 21 is controlled by the 
number of bond line segments 22, by the length of the individual bond line segments 22, and 
by the spacing between segments 22 in each noncontinuous bond line 21. The reduction in 
stretchability along each noncontinuous bond line 21 can be estimated using the equation 
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above. Bond lines 21 can be applied to region 20 in a predetermined pattern to produce a 
nonwoven web or laminate material with various stretch profiles 25. 

In another preferred embodiment of this invention, a biaxially stretchable 
elastic nonwoven web, or a necked stretched bonded nonwoven laminate (NSBL) material 
comprising a stretched elastic sheet thermally bonded to a necked nonwoven (e.g. spunbond) 
web is produced by a procedure discussed above. The elastic nonwoven web, or the necked 
stretched bonded laminate material, is capable of stretching in all directions. Bond lines can 
be applied by the thermal calender bonding process discussed above, or by another process, 
to produce a material having regions wherein bond lines are applied in a direction parallel 
to the cross-machine direction and having regions wherein bond lines are applied in a 
direction nonparallel to the cross-machine direction, preferably perpendicular to the cross- 
machine direction, i.e. in the machine direction. The stretchability in either the cross- 
machine direction or the machine direction of a region of the material is reduced or 
effectively ehminated by applying bond lines to that region. The bond lines may be 
continuous or noncontinuous. Further, bond lines can be applied in a region of the material 
to profile the machine direction stretch and/or the cross-machine direction stretch in that 

region of the material. 

Fig. 7(a) illustrates a section 30 of an elastic spunbond nonwoven web or 
elastic NSBL material with no bond lines. This material can be stretched in the machine 
direction (See Fig. 7(b)) and the cross-machine direction (See Fig. 7(c)). 

As shown in Fig. 8(a)-8(c), when bond lines 33, 34 are applied to regions 31, 
32 of section 30 of a stretchable nonwoven web or NSBL material, the material exhibits 
z„ned stretching. Bond lines 33 are applied in the machine direction in an upper region 32. 
Bond lines 34 are in the cross-machine direction in a lower region 31. Fig. 8(b) shows a 
section 30 of an elastic nonwoven web or necked spunbond laminate material exhibiting 
zoned stretching. As shown in Fig.Sfb), when a tensioning force is applied in the cross- 
machine direction to (he material, region 31, in which the bond lines 34 are parallel with the 
direction of the force, stretches to a lesser extent. Region 32 in which bond lines 33 are 
nonparallel, preferably perpendicular, to the direction of the tensioning force stretches to a 
greater extent Conversely, as shown in Fig. 8(c), when a tensioning force is applied in the 



20 



PCT/USOO/17544 

WO 01/00915 

machine direction to the material, region 32 in which bond lines 33 are parallel to the 
direction of the tensioning force stretches to a lesser extent, while region 31 in which bond 
lines 34 are nonpanulel, preferably perpendicular, to the direction of the tensioning force 

stretches to a greater extent 

The bond lines which are used to effect the controlled stretching are 
distinguishable from the interfilament bond patterns already existing in anonwoven web, and 
from the inter-layer bonding in a laminate. Typically, the bond lines used to effect controlled 
stretching are relatively long and narrow, and substantially straight (i.e. directionally 
oriented). The individual bond line segments (if the lines are discontinuous) typically have 
a length of at least 0.1 inch, preferably at least about 0.2 inch, more preferably at least about 
0 3 inch. If an individual bond line is segmented, the segments are substantially aligned. 
The overall bond line length (i.e. the sum total of aligned segment length, or total line length, 
if not segmented) is typically at least about 0.5 inch, preferably at least about 1.0 inch, more 
preferably at least about 1.5 inch. The bond line segments have greater lengths than widths. 
Typically, a bond line segment has a length/width ratio (L/D) of at least 2.0, preferably at 
least 3.0, more preferably at least 4.0. Typically, the L/D of the overall bond lines (i.e. based 
on the sum of the segment lengths, or the total bond length if continuous) is at least about 10, 
preferably at least about 1 5, more preferably at least about 20. The spacing between adjacent 
(e.g. parallel) bond lines can also be varied and is generally at least about 0.1 inch, preferably 
at least about 0.2 inch, more preferably at least about 0.3 inch. 

The spunbond bond sites (imparted during manufacture of the web) are in 
place before necking the spunbond web, and allow it to neck. Without these bond sites, the 
material would pull apart. These bond sites are uniformly spaced, and do not selectively 
inhibit stretching. Further bonding filaments in accordance with the invention when the 
spunbond is necked, inhibits the stretching in the cross-machine direction. 

FVAMPLES 

The following examples further illustrate the invention. 

Example 1 

A nonwoven meltblown web having a basis weight of 72 grams per square 
meter (gsm) was formed from 60% by weight KRATON® G1657, which is a 
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styrcne/ethyl^butylene/styrene block copolymer available from the Shell Chermcal Co., 
a^O-Zobyweightlowdensitypo^^ 

10 inches long (including first and second 5-inch by 5-inch areas) was cut and used for 
testing The sample was initially readily and easily stretchable in all drrechons. 

Three one-inch wide and 4.5-inches long strips of 3M Transfer Tape, made 
byme MinnesotaMining&M^ 

apart from each other in the first area, in about the machine direction of the meltblown web. 
Three similar strips were placed parallel to each other and about 0.75-inch apart from each 
other in the second area, in about the cross-machine direction of the melt-blown web. The 
release paper was removed from all six strips, leaving only adhesive lines on the meltblown 
W eb. Baby powder from the Johnson & Johnson Co. was dusted over the exposed adhesxve 
strips to facilitate handling of the treated meltblown web. 

The resulting material has reduced machine direction stretch in the first area 

(having machine direction oriented strips) and reduced cross direction stretch in the second 

area (having cross direction-oriented strips). 

F.xam ple 2 

A piece of 6-inch wide, 10-inch long SBL (stretch-bonded lammate) was 
provided based on the disclosure of U.S. Patent No. 4,720,415, which i. incorporated by 
reference. The SBL had two outer polypropylene spunbond layers with basis wetghts of 29 
gsm each, and an inner meltblown layer made from the above-described blend ofKRATON® 
G1657 and polyethylene, having a basis weight of 72 gsm. An edge of the SBL sample, 
measuring about 1.375 inches wide, was placed in a platen press, Model 0230C-X1-4B-7, 
mad e by PM Inc. of City Of Industry, CA. The press had a 5-inch diameter ram. The 
remaining width of the sample, measuring about 4.625 inches, was not placed m the press. 

The press platens were set to 1 10°F, giving actual readings of 1 18°F for the 
topplatenandlirFforthebottomplaten. The press was closed over the sample edge for 
2 minutes at aram pressure of 15 tons. After releasing the press, the pressed edge of the SBL 
would not readily stretch in the machine direction of the spunbond webs, while the portum 
of the SBL not pressed readily stretched in the machine direction. 
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Example 3 

A piece of 6-inch wid , 6-inch long NBL (neck-bonded laminate) was 
provided based on the disclosure of U.S. Patent No. 5,336,545, which is incorporated by 
reference. The NBL had two outer polypropylene spunbond layers, and an inner film layer 
of the KRATON® G1657 blended with polyethylene, as described above, and with a 
REGALREZ® tackifier as described in U.S. Patent No. 4,789,699 to Kieffer et al., 
incorporated by reference. An edge of the sample, measuring one inch in width, was placed 
in the platen press described in Example 2. The direction of stretch was perpendicular to the 
one-inch width. The press platens were set at 1 10°F, and had actual readings of 1 1 5 °F for 
the top platen and 1 1 1 °F for the bottom platen. The edge was pressed for two minutes using 

a ram pressure of 1 5 tons. 

After releasing the press, the NBL would not readily stretch in the pressed 
area, and readily stretched in the remaining area that was not pressed. 
Exam ple 4 

A piece of 6-inch wide, 12-inch long reversibly necked spunbond 
polypropylene was produced based on the disclosure of U.S. Patent No. 4,965,122, which 
is incorporated by reference. One edge of the material, measuring one inch in width, was 
pressed at 15 tons ram pressure for two minutes at 250°F platen settings using the same press 
as in Examples 3 and 4. The sample had good stretch in the non-compressed region and only 
slight resistance to stretch in the compressed region. 

Using an identical material sample, the experiment was repeated using platen 
settings of 275°F (giving actual readings of 289°F for the top platen and 287°F for the 
bottom platen). The uncompressed region had good stretch, while the compressed region 
exhibited high resistance to stretching. 

It is to be understood that variations and modifications of the present 
invention may be made without departing from the scope of the present invention. It is also 
to be understood that the scope of the present invention is not to be interpreted as limited to 
the specific embodiments disclosed herein. The scope of the invention is indicated in the 
appended claims, and all changes that fall within the meaning and range of equivalents are 
intended to be embraced therein. 
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pxample 3 

A piece of 6-inch wide, 6-inch long NBL (neck-bonded laminate) was 
provided based on the disci sure of U.S. Patent No. 5,336,545, which is incorporated by 
reference. The NBL had two outer polypropylene spunbond layers, and an inner film layer 
of the KRATON® G1657 blended with polyethylene, as described above, and with a 
REGALREZ® tackifier as described in U.S. Patent No. 4,789,699 to Kieffer et al., 
incorporated by reference. An edge of the sample, measuring one inch in width, was placed 
in the platen press described in Example 2. The direction of stretch was perpendicular to the 
one-inch width. The press platens were set at 1 10 D F, and had actual readings of 1 1 5 °F for 
the top platen and 1 1 1 °F for the bottom platen. The edge was pressed for two minutes using 
a ram pressure of 15 tons. 

After releasing the press, the NBL would not readily stretch in the pressed 
area, and readily stretched in the remaining area that was not pressed. 
Example 4 

A piece of 6-inch wide, 12-inch long reversibly necked spunbond 
polypropylene was produced based on the disclosure of U.S. Patent No. 4,965,122, which 
is incorporated by reference. One edge of the material, measuring one inch in width, was 
pressed at 1 5 tons ram pressure for two minutes at 250 °F platen settings using the same press 
as in Examples 3 and 4. The sample had good stretch in the non-compressed region and only 
slight resistance to stretch in the compressed region. 

Using an identical material sample, the experiment was repeated using platen 
settings of 275 °F (giving actual readings of 289°F for the top platen and 287°F for the 
bottom platen). The uncompressed region had good stretch, while the compressed region 
exhibited high resistance to stretching. 

It is to be understood that variations and modifications of the present 
invention may be made without departing from the scope of the present invention. It is also 
to be understood that the scope of the present invention is not to be interpreted as limited to 
the specific embodiments disclosed herein. The scope of the invention is indicated in the 
appended claims, and all changes that fall within the meaning and range of equivalents are 
intended to be embraced therein. 
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We Claim: 

1 . An elastomeric nonwoven web having a region of higher extensibility 
and a region of lower extensibility in a direction of stretching; 

the region of higher extensibility having a first level of interfilament bonding; 
the region of lower extensibility having a second level of interfilament 

bonding; 

the first level being lower than the second level. 

2. The elastomeric nonwoven web of Claim 1 , wherein said nonwoven 
web comprises a material selected from the group consisting of spunbond webs, meltblown 
webs, carded webs, and combinations thereof 

3 . The elastomeric nonwoven web of Claim 1 , wherein said nonwoven 
web comprises an elastic polymer selected from the group consisting of 

diblock, triblock, or multi-block elastomeric copolymers such as olefinic copolymers, 
including styrene^isoprene-styrene, styrene-butadiene-styrene, styrene-ethylene^utylene- 
styrene, or styrene-ethylene/propylene-styrene, polyurethanes, polyamides, including 
polyether block amides, polyesters, and single-site or metallocene-catalyzed polyoleflns 
having a density less than about 0.89 grams/cc. 

4. The elastomeric nonwoven web of Claim 1 , wherein said region of 
lower extensibility comprises substantially continuous bonding lines oriented in the direction 
of stretching. 

5. The elastomeric nonwoven web of Claim 1 , wherein said region of 
lower extensibility comprises segmented bonding lines oriented in the direction of stretching. 

6. The elastomeric nonwoven web of Claim 1 , wherein said region of 
lower extensibility has a variable extensibility in the direction of stretching. 
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7 The elastomeric nonwoven web of Claim 1, wherein at least one of 
said regions comprises segmented bond lines covering varying percentages of the nonwoven 
web in the direction of stretching. 

g An elastomeric nonwoven web of Claim 1, wherein said region of 
loW er extensibility comprises segmented bond lines covering varymg percentages of the 
nonwoven web in the direction of stretching. 

9 An elastomeric nonwoven web of Claim 1 , wherein said elastomeric 
nonwoven web comprises a spunbond web including at least one first region having bond 
lines oriented in a first direction, and at least one second region having bond lines onented 
in a second direction different from the first direction. 

10. An stretchable laminate material comprising: 
an elastic sheet; and 

anonwoven web bonded to saidelastic sheet whenthe web is necked inafirst 

direction; , . . - , 

the laminate material having a plurality of bond lines onented m the first 

direction or in a second direction different from the first direction. 

11. Thestretchablelaminatematerial of Claim 10, wherein said bond lines 

are continuous. 

12. The stretchable laminate material of Claim 10, wherein said bond 
lines are segmented. 

1 3 . The stretchable laminate material of Claim 10, wherein said laminate 
material has a variable stretch profile in the first direction. 
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14. ThestretchablelaminateraaterialofClaim 10, wherein said nonwoven 
web comprises amaterial selected from the group consisting of spunbond webs, meltblown 
webs, carded webs, and combinations thereof. 

15. mstretchablelairinatematerialofClaim 10, wherein said bond lines 
further comprise a plurality of bond line segments, the bond line segments of different bond 
lines covering varying percentages of the laminate material in the first directum. 

16. The stretchable laminate material of Claim 10, wherein the elastic 
sheet is bonded to the nonwoven web by adhesive bonding. 

17. The stretchable laminate material of Claim 10, wherein said bond lines 
are oriented in the first direction. 

18. Thestretchablelairnr^enutterialofClaim 10, wherein the bond lines 
are oriented in a second direction different from the first direction. 

19. A necked stretched bonded laminate material comprising: 

a necked spunbond web having a machine direction and a cross-machine 

direction; and 

an elastic sheet; 

the laminate material further comprising at least one first region having a 
plurality of bond Imes oriented in a direction substantially parallel to said machine direction, 
and at least one second region having a plurality of bond lines oriented in a directum 
substantially parallel to said cross-machine direction. 

20. The necked stretched bonded laminate material of Claim 1 9, wherein 
me first region is adjacent to the second region. 
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21. The necked stretched bonded laminate material of Claim 19, wherein 
said first region is stretchable primarily in the cross-machine direction and said second region 
is stretchable primarily in the machine direction. 

22. The necked stretched bonded laminate material of Claim 19, wherein 
the bond lines in at least one of the first and second regions comprise bond line segments 
having different lengths and/or spacing between them. 

23. The necked stretched bonded laminate material of Claim 19, wherein 
the bond lines in the first region and the second region are continuous. 
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